mented by molecular data (partial sequences of ssrDNA and its1) indicate that these tapeworms represent a new species of Khawia. therefore, this new species is described in the present paper and its phylogenetic relationships to other congeneric species are discussed.
MATERIALS AND METHODS
Between April 2007 and April 2011 several tens of tapeworms were found in the intestine of the chinese false gudgeon Abbottina rivularis from water bodies of the middle and lower reaches of the Yangtze river basin (Niushan lake in Wuhan, Yangtze River in Wuhan, Hubei Province, and Taihu Lake in Wuxi, Jiangsu Province) in china (table 1) . tapeworms found were rinsed in saline solution prior to fixation. Specimens used for morphological studies, including observations with scanning electron microscopy (SEM) and histology, were fixed with hot (almost boiling) 4% formaldehyde solution (see oros et al. 2010) . After two weeks, formalin was replaced by 70-75% ethanol for storage before further processing. specimens used for molecular studies were fixed and stored in 100% ethanol.
For light microscopical observations, specimens were stained with iron hydrochloric carmine, destained in 70% acid ethanol, dehydrated in an alcohol series, cleared in clove oil and mounted in canada balsam as permanent preparations. illustrations were made using a drawing attachment of a leica DM 5000 B microscope with the use of Nomarski differential interference contrast. Measurements were taken using the tsview 7.1 program (tucsen, china) and lAs V3.8ink program (Leica, Switzerland). Histological sections (cross, longitudinal and sagittal sections) were made from hot formalin-fixed specimens using standard protocols (thickness of sections 10-12 μm), stained with hematoxylin and eosin, and mounted in canada balsam. Four specimens used for sEM observations were processed as described by oros et al. (2010) . Measurements are in micrometres (μm) unless otherwise indicated.
genomic DNA of specimens from taihu lake (collection numbers tail201104, tail200401) was extracted using QiAamp DNA kit (QiAgEN) . the small nuclear ribosomal RNA subunit (ssrDNA or 18S rDNA) was amplified by PCR using primer pairs WormA and WormB (littlewood and olson 2001) . Each Pcr reaction consisted of 20 pmol of each primer, 5 μl 10× Ex Taq buffer, 250 μM of each dNTP, 1 U of Takara Ex taq tM , 2 μl DNA template and nuclease-free water to 25 μl volume. Amplifications were performed on Eppendorf Mastercycler with an initial denaturation step of 95 °c for 3 min followed by 30 cycles of 95 °c for 1 min, 56 °c for 45 sec and 72 °c for 1 min, and final extension of 72 °C for 10 min.
Amplified target products were purified by Takara Agarose Gel DNA Purification Kit and cloned into pMD-18T vector system (takara). one positive clone from each worm was selected randomly. in total, four clones were sequenced using vector universal primers M13+, M13-, and internal primers 600F, 1600r (littlewood and olson 2001, scholz et al. 2011) on the ABi BigDye terminator 3.1 cycle sequencing Kit with an ABi 3100 genetic Analyzer automated DNA sequencer (Applied Biosystems).
the internal transcribed spacer 1 (its1) of ribosomal DNA of tapeworm Khawia was amplified with primer pairs 18S-F (cgtccctgccctttgtA) and 5.8s-r (ggctgcgctcttcAtcgA), designed according to the previous sequences in GenBank. The amplification and sequencing were similar to the above procedure, except for the annealing temperature having been reduced to 52 °c, and three clones of each species of Khawia available having been selected for sequencing.
the ssrDNA and its1 sequences were assembled and inspected using seqMan tM (DNAstAr, inc.) and aligned with available sequences of caryophyllideans in genBank using the program MEgA5.1 with default setting (tamura et al. 2011) . the ambiguously aligned positions were excluded from subsequent phylogenetic analyses based on minimum evolution (ME), maximum likelihood (Ml) and Bayesian inference (Bi) criteria.
the appropriate nucleotide substitution model was estimated in MEgA 5.0. the phylogenetic trees based on 18s rDNA were analyzed by ME with tamura-Nei + g model and Ml with tN93+g+i model methods in MEgA 5.0. Bi analyses were conducted in MrBayes ver. 3.1.2 (Ronquist and Huelsenbeck 2003), employing tN93+g+i model, running two independent McMcMc runs of four chains for one million generations and sampling tree topologies every 100 generations. Posterior probability values were used as support for the Bayesian topology. in the case of its1 of Khawia, the phylogenetic trees were analyzed by ME using tamura-Nei model, Ml and Bi using HKY+I model.
RESULTS
Khawia abbottinae sp. n.
Figs. 1, 2
Description (based on 15 whole-mounted specimens, five slides of cross-sections and five slides of sagittal and longitudinal sections, from Abbottina rivularis from taihu lake in Wuxi and from the Yangtze river in Wuhan): caryophyllidea, lytocestidae. testes and ovary medullary, vitelline follicles cortical. Body elongate to almost spindle-shaped, with relatively narrow scolex and neck, maximum width at anterior third, then slightly narrowing continuously towards rounded posterior end. total length of body 6.8-13.0 mm, maximum width 0.8-2.0 mm (n = 9). surface uniformly covered with acicular filitriches. Inner longitudinal musculature well developed, formed by small bundles of muscle fibers. osmoregulatory canals about 6-8 pairs, external to vitelline follicles.
scolex afossate, widely bulbate to almost cuneiform, 0.4-0.6 mm long and 0.7-1.5 mm wide, wider than neck, with smooth, blunt or rounded anterior margin. Neck distinct, 0.5-0.8 mm wide (n = 10).
testes medullary, 62-84 in number (n = 8), almost spherical, 118-228 × 105-180 (n = 30), distributed in two more or less regular lateral rows; anteriormost testes begin at short distance, 0.7-1.2 mm, posterior to anterior margin of scolex and 0.3-0.6 mm (n = 10) posterior to anteriormost vitelline follicles. Posteriorly, testes reach to anterior margin of cirrus-sac. cirrus-sac small, oval to almost spherical, 285-470 × 220-360 (n = 6), length/ width ratio 1.3 : 1 (n = 6). External and internal seminal vesicle absent. Male genital pore separated from female pore, open into common genital atrium on ventral surface. Ovary reticulate, medullary, H-shaped, with narrow and long ovarian arms, almost equal in length, 0.7-1.9 mm Fig. 1 . Khawia abbottinae sp. n. from Abbottina rivularis in china. A, B -scolices; C -cross section of testicular region; D -terminal genitalia, ventral view, eggs illustrated only in sinistral loop; E -posterior part, ventral view; F -sagittal section of uterine region, note common genital atrium; G -longitudinal section of uterine region; note testes in two longitudinal rows and uterine glands, only lateral vitelline follicles visible; H -outline of mature specimen with two rows of testes, cirrus-sac and ovary; I -outline of immature specimen with two rows of testes. Abbreviations: ca -common genital atrium; cs -cirrus-sac; eg -eggs; im -inner longitudinal musculature; ov -ovary; sr -seminal receptacle; te -testes; ug -uterine glands; ut -uterus; va -vagina; vf -vitelline follicles.
long, posterior arms may slightly bent inwards; total width of ovary 0.5-0.7 mm (n = 6). Vagina tubular, slightly sinuous. seminal receptacle elongate, dorsal to ovarian isthmus, 100 long and 44 wide (n = 1). Vagina joins terminal part of uterus to form short utero-vaginal duct that opens posterior to male pore in common genital Hubei Province (30°16'-30°34'N, 114°43'-114°59'E), located at the middle reach of the Yangtze river basin, china; taihu lake in Wuxi (Meiliangwan), Jiangsu Province (30°93'-31°48'N, 119°92'-120°30'E), located at the lower reach of the Yangtze river basin, china. s i t e o f i n f e c t i o n : Anterior intestine. P r e v a l e n c e a n d i n t e n s i t y o f i n f e c t i o n : taihu lake -31% (n = 45; intensity of infection 2-10); Niushan lake -12% (n = 100; 1-5); more detailed data in Remarks. Khawia abbottinae sp. n. is placed in Khawia because it has the diagnostic characters of this genus (scholz et al. 2011) , including scolex lacking apical structures (afossate) with smooth anterior margin, cortical vitelline follicles and a relatively long uterine region, i.e. long distance between the cirrus-sac and ovary. the generic placement of the new species in Khawia is strongly supported by molecular data (Figs. 3, 4) . the new species differs from the remaining species of Khawia in (1) Arrangements of the testes and their number. in K. abbottinae, the testes form two longitudinal bands throughout the whole testicular region (Fig. 1G,H,I ), each band being usually formed by a single testis; none of the other species of Khawia have such an arrangement of the testes (in these species testes are distributed irregularly in the medulla, especially in its middle and posterior portion; e.g. (2) Scolex morphology. the scoleces of K. abbottinae vary from cuneiform to widely bulbate, and are separated from the remaining part of body by a short neck; they possess a smooth, bluntly ended or rounded anterior margin; none of congeneric species has a similar scolex (oros and Hanzelová 2007 , Oros et al. 2010 , Scholz et al. 2011 .
(3) other typical features of K. abbottinae are its small size (total length less than 1.5 cm) and body shape. All species of Khawia are larger, K. sinensis, K. armeniaca, K. baltica and K. parva conspicuously so, with the maximum body length from 2 cm in K. saurogobii up to 11 cm in K. sinensis.
Khaiwa abbottinae most closely resembles K. saurogobii in the shape of the body, which also occurs in gudgeons (subfamily gobioninae) in china and shares a very short scolex and neck, and vitelline follicles beginning just posterior to the neck (Xi et al. 2009a (Xi et al. , scholz et al. 2011 . Both species can be differentiated from each other, besides the diagnostic characteristics listed above, by the shape of the ovary (inverted A-shaped in K. saurogobii versus H-shaped in K. abbottinae), the distribution of the vitelline follicles, which are absent alongside the whole uterine region in the former species, but present alongside the preovarian loops of the uterus in the latter, and by the shape of the scolex, which is cuneiform-flabellate in K. saurogobii (versus bulbate to cuneiform in K. abbottinae; see Xi et al. 2009a and scholz et al. 2011). in the shape of the body and scolex, K. abbottinae is somewhat similar to Breviscolex orientalis Kulakovskaya, 1962 , a parasite of the spotted steed Hemibarbus maculatus Bleeker and cherskii's thicklip gudgeon Sarcocheilichthys czerskii (Berg) (both gobioninae) from the Amur river basin in russia (Far East) and Japan (Kulakovskaya 1962 , Wang 1984 , Scholz et al. 2001 . However, the latter cestode species belongs in the family capingentidae, because it possesses paramuscular vitelline follicles (Mackiewicz 1994); it also differs from K. abbottinae in the shape of the ovary (B. orientalis has short and wide arms), the presence of vitelline follicles alongside the Fig. 3 . Phylogenetic relationships (Bayesian inference) within the caryophyllidea based on the small nuclear ribosomal rNA subunit (ssrDNA) sequences with definitive host groups of the main clades indicated (orders and families of type hosts). Numbers at the branches (from left to right) are posterior probability for Bayesian inference (Bi), bootstrap values of 1000 replicates for maximum likelihood (Ml) and minimum evolution (ME). scale bar = 0.01 substitutions per site. sequences of Khawia abbottinae sp. n. in bold.
ovary, a much longer postovarian region, indistinct neck, and more anterior position of the testes, which may begin even anterior to the first vitelline follicles (see Fig. 4 in scholz et al. 2001).
specimens of K. abbottinae studied (n = 25) are phenotypically rather uniform and only slight variation was observed in the shape of the scolex and ovary (Figs. 1A,B and 2A-C), which apparently reflects intraspecific variability.
to facilitate the differential diagnosis of species in the genus Khawia, a simplified key following Oros et al. (Fig. 3) . in the cladogram constructed using ME, Ml and Bi methods, K. abbottinae clustered within Khawia, forming a reasonably well supported clade comprised of K. parva and K. rossittensis (Fig. 3) .
its1 sequences for K. abbottinae (1 090-1 099 bp long), K. japonensis (986-1 010 bp), K. rossittensis (1 089-1 092 bp), K. saurogobii (979-981 bp) and K. sinensis (983-987 bp) were obtained and deposited in genBank under accession numbers JX661271-JX661285. the sequence pairwise distance analysis (p-distance) showed sequence similarity of 93.7% between K. abbottinae and K. rossittensis. similarity between K. abbottinae and K. japonensis, K. saurogobii and K. sinensis were 80.0%, 67.9% and 67.8%, respectively. the phylogenetic analysis based on its1 sequences, using ME, Ml and Bi criteria, revealed a similar topology with 100% support value as that inferred from ssrDNA sequences, except for the absence of data on K. parva. K. abbottinae formed a clade with K. rossittensis, whereas K. japonensis represented its sister group (Fig. 4) .
comparisons of the new sequences of Khawia species with those of selected caryophyllideans retrieved from the genBank database have shown that Khawia spp. do not form a monophyletic assemblage because K. baltica, a specific parasite of tench [Tinca tinca (linnaeus)], clustered with the species of Caryophyllaeus gmelin, 1790 (family caryophyllaeidae) (Fig. 3) . in contrast, the remaining members of Khawia, including K. abbottinae, form a monophyletic, well supported clade, distant from the clades composed of species of the other genera, such as Atractolytocestus Anthony, 1958, Caryophyllaeides Nybelin, 1922 (both lytocestidae), Breviscolex Kulakovskaya, 1962 (capingentidae) and Caryophyllaeus (Fig. 4) .
Fig. 4. Phylogenetic relationships (Bayesian inference) within
Khawia based on the internal transcribed spacer 1 (its1) of ribosomal DNA sequences. Numbers at the branches (from left to right) are posterior probability for Bayesian inference (Bi), bootstrap values of 1000 replicates for maximum likelihood (Ml) and minimum evolution (ME). scale bar = 0.05 substitutions per site. sequences of Khawia abbottinae sp. n. in bold.
DISCUSSION
Khawia abbottinae is considered the eighth valid species of the genus, but the second one described from a gudgeon (gobioninae). Except for K. saurogobii, all the remaining species of Khawia parasitize fishes of other subfamilies (cyprininae and Barbinae). in its morphology, the new species resembles K. saurogobii from the chinese lizard gudgeon in the body and, to some extent, scolex morphology, both species possessing a very short scolex and neck, with first vitelline follicles beginning immediately after the neck. However, other morphological characteristics, such as the arrangement of the testes and vitelline follicles, and shape of the ovary, are markedly different. in addition, molecular data provide strong evidence that these species parasitic in related hosts are not closely related phylogenetically.
Khawia abbottinae is a relatively common parasite of the chinese false gudgeon (Abbottina rivularis), with an overall prevalence of 28% (table 1) . it has been found in several localities of the Yangtze river basin. the chinese false gudgeon is small (maximum body length of 10 cm), benthopelagic cyprinid fish of the subfamily gobioninae. it feeds on larvae of chironomids, oligochaetes and plant seeds, and is even considered as pest in fish farms in china, where it competes with the juveniles of commercial species (Yan and chen 2007) . it has a broad native range, being widely distributed from the russian Far East in the north, through china, western Korea and Japan to North Vietnam (Yan and chen 2007).
Phylogenetic analyses invariably placed K. abbottinae very close to K. rossittensis (sequences of the ssrDNA and its1) and K. parva (ssrDNA; its1 sequences not available), both species parasitizing crussian carp and goldfish (Carassius spp.) in the Palaearctic region, the former reported from Europe and Japan and the latter endemic to the Russian Far East (Oros and Hanzelová 2007, Scholz et al. 2011) . Morphologically, all three taxa are dissimilar, K. parva differing from K. abbottinae in the shape of the body and its much bigger size, markedly different shape of the scolex, much more posterior position of the first vitelline follicles and testes, the latter being more numerous and irregularly arranged, and shape of the ovary, with the posterior arms bent inwards. Khawia rossittensis has a different shape of the body, which is longer and more slender and the posterior (postovarian) part of which is pointed, inverted A-shaped ovary, more numerous, irregularly arranged testes, and a different scolex (scholz et al. 2011) .
the recent revision of Khawia has revealed that four species occur in china, namely K. japonensis, K. rossittensis, K. saurogobii and K. sinensis. tapeworms described from common carp by li (1964) Yang 2007 ). However, this taxon was originally described in an unpublished PhD thesis and is thus invalid according to the section 9.7 in Article 9 of the international code of Zoological Nomenclature (fourth edition, 1999, www.nhm.ac.uk/hosted-sites/iczn/code/). in addition, tapeworms named as T. tangi are morphologically indistinguishable from Khawia rossittensis, with which they share the characteristics considered to be species-specific, i.e. a cuneiform scolex, first vitelline follicles situated just posterior to the scolex, testes beginning posterior to the first vitelline follicles, and the posterior ovarian arms bent inwards or joined together, thus making the ovary inverted A-shaped (scholz et al. 2011) . Based on the similar morphology and the identical fish host, the present authors considered that the tapeworms described by cheng (1994) should be K. rossittensis.
A comparative study based on three-dimensional scanning electron micrographs (sEM) and outlines of the scolices of 19 Palearctic species of caryophyllidean cestodes has revealed that the highest diversity in scolex morphology exists among species of Khawia (oros et al. 2010) . Despite slight variation in the morphology of the scoleces observed in live specimens, K. abbottinae is characterized by a widely bulbate to cuneiform scolex, wider than the neck, with smooth anterior margin.
the present molecular data inferred from nearly complete ssrDNA and its1 sequences clearly delineate K. abbottinae as a distinct species of Khawia. the topology of the tree inferred from ssrDNA sequences has also indicated that this genus, which belongs to the family lytocestidae, is polyphyletic. Whereas all but one species form a monophyletic group, K. baltica represents a sister group of Caryophyllaeus of another family, caryophyllaeidae. thus, the generic placement of K. baltica should be readdressed, but molecular data on a more comprehensive data set of caryophyllidean cestodes should be available before any taxonomic action is taken (Brabec et al. 2012) . in addition, china hosts a great diversity of cyprinid fauna, and there are about 560 cyprinid species inhabiting in the rivers and lakes (Chen 1998) . However, the parasite fauna of most cyprinids has not been well investigated. recent descriptions of two new species of caryophyllideans (Xi et al. 2009a , the present paper) indicate that the cestode fauna of freshwater fishes in China is still insufficiently known, and future surveys of fish parasites will certainly discover more taxa.
